Building Information Modelling (BIM) is a digitalised technology under a collaborative working platform. Certain aspects of sustainability have been highlighted in recent BIM studies; however, no prior in-depth review has focused on BIM standards or guidelines and its uses for sustainability. This paper provides a mixed review to determine the current stateof-the-art BIM development for sustainability. A systematic review approach was adopted to analyse two main sources of literature, namely, BIM standards and guidelines; and peerreviewed academic publications. The result reveals that although there has been a significant amount of research and development about the use of BIM during various project phases, little work has been conducted about how it could be applied in refurbishment and demolition.
Introduction
Building Information Modelling (BIM) has received enormous attention from both academia and industry (Eastman et al., 2011) . BIM not only brings technical benefits to the development process, but delivers an innovative and integrated working platform to improve productivity and sustainability throughout the project life cycle (Elmualim and Gilder, 2014) . To contribute to the sustainability, three essential elements, namely, social, economic, and environmental, often become metrics to measure the level of sustainability irrespective of fields (Khan et al., 2016) .
Social sustainability refers to the ability of people to continue to live in a way that suits their needs and the needs of subsequent generations (Eastaway, 2012) . The outcomes of social sustainability in a built environment are best achieved by taking into consideration the satisfaction of its stakeholders' needs (Almahmoud and Doloi, 2015) . BIM can improve social sustainability in two main areas. First, BIM provides a better facility design for a society's comfort of living. BIM enables owners to review the design and give feedback through the visualization of a three-dimensional (3D) building information model before the facility is constructed. Second, BIM transforms conventional practice, which is often highly fragmented, to a better collaborative effort that strengthens the working relationship among project participants. In a BIM platform, team members have to share their own viewpoints of information with other members to form a reliable basis of decision making to construct a facility (NIBS, 2015) . Subsequently, economical sustainability is a little more challenging to quantify as there is little data that identify where the green economy is developing (Gibbs and O'Neill, 2014) . However, it is proven that BIM improves the life-cycle cost saving of a built facility. Lu et al. (2014) concluded that a cost saving of 6.92% (490.86 HKD/m 2 ) was achieved via cost benefit analysis conducted in a sample BIM project. Guo and Wei (2016) , on the other hand, utilized BIM with an energy-simulation system to conduct an energy-consumption analysis that provided more comprehensive information for optimal design selection.
Environmental sustainability mitigates the amount of greenhouse gas emissions that enter the atmosphere, thereby improving the quality of life (Sassi, 2016) . BIM can improve spatial design, especially with regard to airflow evaluation and a building's overall ecosystem (Bonenberg and Wei, 2015) . It also can be used to enhance energy simulation and evaluate possible adverse environmental impacts in the context of green assessment (Al-Ghamdi and Bilec, 2015) .
The sustainability development in a built environment should integrate social, economic, and environmental aspects simultaneously to work effectively. The integrated approach of these aspects enables sustainability issues to be treated as a complex system rather than concentrate on the "cause and effect" individually (Azapagic and Perdan, 2014) .
However, the current development of BIM for sustainability is still heavily concentrated on a particular aspect. For instance, an integrated BIM-based electronic procurement system was proposed to provide a new process of collaboration for project stakeholders as per the social sustainability (Grilo and Goncalves, 2011) . In terms of economic sustainability, a BIM-based cost-estimating system was created to automate the bill of quantities production (Plebankiewicz et. al., 2015) . Wong and Zhou (2015) provided a detailed review of green BIM to magnify the environmental sustainability throughout the building life cycle. A preliminary framework of BIM for future sustainable development was also briefly explained by Chong and Wang (2016) . There is not yet a comprehensive review of BIM policies or guidelines and BIM uses for sustainability as a whole.
Therefore, this paper provides a mixed review to determine BIM's current state-of-theart development for sustainability. A systematic approach was adopted in reviewing BIM (1) standards and guidelines; and (2) journal and conference papers. Apart from a review from the project life-cycle perspective, this paper has examined two common sustainability aspects in construction projects: (a) the use of products and materials; and (b) energy consumption. The findings provide useful insights as to how BIM can be effectively adapted to the social, economic, and environmental aspects of sustainability.
Review approach
A systematic review method was adopted in this paper, which was structured under a fivestage review approach (Pawson et al., 2015) . Figure 1 displays the five-stage analysis framework for reviewing the recent BIM standards and guidelines, journal articles, and conference papers.
Figure 1 Five-Stage Analysis Framework
In the earliest stage of the review process, a background study was carried out and research questions were identified that explored the key theories in the study. The ultimate aim of this study is to determine BIM's current state-of-the-art development for sustainability in a built environment.
The second stage involved searching for evidence, which included literature collection, literature filtration, and literature synthesisation. In the literature collection stage, Google Scholar and Google search engine were used to identify the standards or guidelines and
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Step 5 Conclusions journals or conference papers that were published by developed countries. These were reliable sources to examine the sustainable development of a built environment. The terms used for sourcing the standards or guidelines were "BIM guidelines" and "BIM standards." The years of the standards and guidelines; and academic publications set in the search machine were from 2011 to 2016. The search terms were intentionally broad so that any relevant papers were not missed. The terms used were "BIM sustainability," "BIM LCA," and "green BIM." Articles were considered for this review if their titles matched the theme of the keywords. All the journals or conference papers selected were peer reviewed to ensure the quality of the review.
In the literature filtration stage, a detailed examination of the documents was carried out to choose the relevant standards and guidelines; and academic publications for review. If the documents insufficiently described the use of BIM for sustainability, or if the BIM studies were only a minor variable in the files, they were eliminated. Turning to the literature synthesisation, the selected standards or guidelines and academic publications were tabulated for analysis and further discussion.
According to ISO 14040 (2006) , life cycle means "consecutive and interlinked stages of a product system, from raw material acquisition or generation of natural resources to final disposal." The social, economic, and environmental sustainabilities have an effect on each other, and it is hard to separate the discussion of these three contexts. As such, the standards or guidelines and articles were developed from the perspective within the project life cycle only (Chong and Wang, 2016) , and they were further classified into the seven categories as follows:
 Planning-This is the most significant phase of a project as it brings the greatest impacts on social, economic, and environmental aspects. It describes a project's overall concept from its inception to the preparation of the design brief. It also includes project delivery planning. BIM could improve the effectiveness and efficiency of project development processes, particularly in mitigating unnecessary waste from re-works and re-planning (Gibbs et al., 2015) . With proper planning and development, BIM can help provide a more conducive environment toward sustainability.
 Design-This phase describes the conception design to the selection of a contractor.
BIM enables optimum design and coordination among multidisciplinary project participants (Singh et al., 2011) .
 Construction-This element deals with the overall construction process starting from site preparation to commissioning. BIM enables early three-dimensional visualisation to predict the cost and schedule of projects . It reduces construction errors and improves the productivity of projects.
 Operation and Maintenance-This area indicates the practical completion to postoccupation. Integrated operation management provided by BIM in a virtual environment can facilitate regular maintenance (Chong et al., 2014) .
 Refurbishment and Demolition-This stage specifies the work of retrofit or demolition at the end of the life of a project. Yun et al. (2014) demonstrate that the integration of BIM and other digital tools can simulate an existing project to provide the detailed dimensions of every element. It also supports the appropriate method for demolition or refurbishment.
 Use of Products and Materials-The use of materials and products in the project have a robust correlation with the environmental sustainability. A simulated virtual 3D BIM environment enables the testing of building materials .
 Energy Consumption-This aspect is concerned with relevant techniques and tools used to operate building or infrastructure. Energy simulation software can be used to evaluate the heating, ventilation, air conditioning, and lighting during project life cycle (Ahn et al., 2014) .
After the tabulation process, the data were evaluated and discussed in the findings.
Based on the analysis results, insights for effective BIM adoption for sustainability were discussed. Thereafter, conclusions were drawn from the analysis and recommendations were proposed to the researchers or practitioners and policy makers.
Findings
Throughout the in-depth review of the standards or guidelines and publications, thirty-six (36) standards and guidelines and ninety-one (91) academic publications were identified and tabulated in Tables 1 and 2 . The results show that most of the BIM standards and guidelines concentrated on planning, design, construction, and operation and maintenance. The research trend of BIM for sustainability was apparent in the design, construction, use of products and materials, and energy efficiency. As the design phase serves as an important foundation for BIM implementation in projects, it was the significant focus for industry and academia.
Refurbishment and demolition also bring greater influence toward sustainability. But the standards, guidelines, and even academic publications in these two areas are rather limited. The number of BIM standards and guidelines and academic publications that covered aspects of refurbishment and demolition were only twelve (12) and eight (8), respectively.
In addition, the academic publications that addressed the sustainability aspects of planning and the operation and maintenance phase were only nine (9) and fourteen (14), respectively. Each stage of the project's life cycle has been elaborated as follows:
Planning
Social sustainability provides a safe, conducive, and healthy environment for all involved in the process irrespective of owners, designers, contractors, subcontractors, or end users (Zuoand Zhao, 2014) . According to MacLeamy's curve (MacLeamy, 2004) , BIM implementation in the early stage of the project, such as during procurement and the early design stage, will minimise the variation costs and make projects more accommodating (Holzer, 2009 The amount of innovative research into BIM adoption in project planning and procurement systems for sustainability is rather limited. For project planning, a cyclical framework that outlined a strategy for change to the institutional environment for supporting the move toward BIM-enabled land administration in the Singapore urban area was developed (Ho and Rajabifard, 2016 ). An automated system combining BIM, Development Strategy Formulation and Evaluation Methodology (DSFEM), and Development Strategy Simulator (DSS) was created as a decision-support tool for stakeholders to evaluate a variety of alternative plans based on the visualization of actual development and construction provided by the integrated system (Kim et al., 2015c ). An Auto-CAD Civil 3D BIM model and other environmental analysis software were used to resolve planning issues for site location, climate condition, ecological value, site information, and transport infrastructure for the Tent Hotel in Hengshan NaShan village (Bonenberg and Wei, 2015) . All these studies ensure that optimal decisions are made for the appropriateness of land use and thereby improve social, economic, and environmental aspects for sustainability.
Turning to an aspect of procurement strategy that creates a pleasant and sustainable working environment, the study showed that the use of a procurement system would influence the ability of the client to achieve sustainability goals (Korkmaz et al., 2012) . Jones In terms of economy sustainability, the implementation of BIM saves time and leads to an increase in work efficiency. It enhances the e-procurement system, which allows consultants to carry out model checking and to control the compliance of a client's requirement and to evaluate the tenderers' offers (Ciribini et al., 2015) . Costa and Grilo (2015) developed a BIM-based e-procurement prototype to improve product development, manufacturing, and logistics. The prototype differs from conventional e-procurement, which is predominantly concentrated on the purchasing requirement and the use of real-time communication to exchange information. Sebastian (2011) , on the other hand, studied the impacts of BIM adoption on the conventional roles of project participants using the traditional procurement route. This study is important for contributing social sustainability as it has the potential to identify any adverse relationship that occurs during the process that will affect the harmonious relationship of project team members. Porwal and Hewage (2013) proposed a BIM-based partnering framework in the public procurement system. The BIM tools were used from the inception to construction stage, which included selected subcontractors to partner with the government before the design brief was received from the client.
Design
The design is the core element encompassed in most of the BIM standards or guidelines.
Social, economic, and environmental sustainability depends on the matter of design. The study showed that a BIM-based sustainability simulation during the early or pre-design stage is crucial to developing a sustainable building design (Lim, 2015) . Bonenberg and Wei (2015) asserted that using BIM enabled the creation of a sustainable design that can analyse the impact of green building, particularly in building performance, adoption of materials, and energy efficiency. To ensure compliance with client requirements, DOA/DSF (2012) outlined all BIM deliverables and must demonstrate that the design is on track to satisfy the owner's requirements for sustainability, codes, operations, technical elements, constructability, cost, and schedule. HKCIC (2015) to a BIM-based design building to quantify, evaluate, and select various embodied colour footprints of structural materials.
Construction
In this phase, LACCD (2016) emphasised that it did not require 4D animation. It encouraged the contractor to create a schedule-based visualisation model that linked to the sequence of construction. On the other hand, TPA (2016) stipulated that 4D or 5D simulations should be used to their full extent, such as for project forecasting, interface management, and logistic planning.
GTFM (2016) mandated that designers and contractors work concurrently, and it
even stipulated that the designers were required to maintain and update the design models consistently with any changes during construction. AEOC (2015) expected the designers to continue to update the design-intent model with any changes during construction.
In working toward sustainability, BIM can be used to facilitate the project information. For example, Lin (2014) invented a Construction BIM-based Knowledge Management (CBIMKM) system that combined BIM and web technology, which enabled explicit and tacit knowledge of project participants to be shared and reused during the construction phase. BIM was also used to ease the selection of material suppliers during the construction process. Nawari (2012) proposed that BIM use the Information Delivery Manual (IDM) during the off-site construction process (Nawari, 2012) . Information extracted from BIM can be used to fabricate modular units (Zhang et al., 2016) , which allows less costly materials to be wasted, reduces site disturbance and air pollution, and increases the flexibility of design change and re-use.
To assess the pricing submitted by material suppliers, Ren et al. (2012) established a framework for integrating BIM data with unit price cost data to produce accurate estimating reports for evaluation of suppliers' performance. BIM was also used to facilitate the manufacturing process of construction output. Costa and Madrazo (2015) used existing BIM technologies and the Semantic Web to link the BIM information with structural precast concrete component profiles to assist consultants and contractors with assembling and dimensioning structural components during construction.
To support construction planning, Kumar and Cheng (2015) created an automated framework for generating dynamic site layout models. An algorithm is used with genetic algorithms to optimise the travel distance for equipment and construction personnel. An integrated BIM and geographic information system (GIS) were designed to monitor the supply chain and provide warning signals about potential problems (Irizarry et al., 2013) .
BIM also can help generate prediction models for the prefabrication feasibility of electrical contractors (Said, 2015) .
Apart from planning, BIM was used for monitoring construction progress. Bosche et al. (2015) created a "Scan-vs-BIM" to track the discrepancies between as-planned and asbuilt mechanical, electrical, and plumbing elements. A cloud-based BIM was created to deliver on-site real-time information of the reinforced concrete structure (Matthew et al., 2015) . During the fabrication stage, BIM can integrate with Augmented Realty (AR) to visualise and facilitate pipe assembly for increasing accuracy of work (Hou et al., 2014) .
BIM has also proven to reduce changes ordered by clients owing to better understanding through visualisation, which leads to more productive involvement of owners during the construction process. BIM can also reduce latent defect costs (Francomand Asmar, 2015) .
To ensure safety, a near-miss database generated from BIM software can provide visualisation to construction personnel that alerts them to hazardous areas and reports any near-misses (Shen and Marks, 2015) .
Operation and Maintenance
The operation and maintenance phase plays a significant role in maintaining built environment sustainability. Whereas most of the guidelines indicated that the responsibility of passing the models relied on designers and contractors, SDCCD (2012) indicated that the facility management department would ensure the safe and secure operations and maintenance environment of the assets in a cost-effective manner for preserving asset value in the long term. AIA (2013) required that the model include operation and maintenance manuals. COD (2011) specified that the model and facility data fulfil the requirements of
Construction Operations Building Information Exchange (COBIE).
BIM can be used to eliminate waste and inefficient facilities in existing buildings. Adeyemi et al. (2014) proposed a strategy framework that incorporated lean thinking, zero emission, and green building into the BIM to reduce the cost of maintenance rather than demolishing and rebuilding properties. The built environment can also benefit by extending the function of BIM to facility management and real-time building operations (Arthur, 2015) . Chiang et al. (2015) designed a platform called Real-Time Replay System (RTRS), which utilised the information generated by Revit (a BIM tool), a WiFi power socket sensor, and Unity 3D to replay electricity usage events. This interactive smart system presented the potential to conserve energy and allow the consumer to alter the scene or jump to the period indicated as a wasteful operation. Moreover, the consumer can set up an event that triggers the parameter conditions in the sensor database. This innovative system could help end users manage the consumption of electricity, thereby minimising time and efforts for identifying raw information.
To maintain existing buildings, BIM is usually manually created through point cloud data that is time, cost, and labour intensive. invented an automation system to extract building geometries from unorganized point clouds. It downsized the collected data and detected the boundary to categorise it into building components. Most of the life-cycle assessment of the BIM study was adopted in the design stage. But a conceptual systematic BIM-based model to monitor building behaviour has been established by Motawa and Carter (2013) during the post-occupancy stage to improve the post-occupancy evaluation process and meet the industry standard requirements for sustainable buildings.
Refurbishment and Demolition
The study showed that the construction sector recorded 40% of energy consumption in Europe, and more than 40% of Europe's existing buildings were more than 50 years old (European Directive, 2010) . One of the most effective ways to reduce carbon emissions is through the renovation of existing buildings to reduce energy consumption. By doing so, air pollution can be mitigated, and the indoor climate improved, which leads to healthier living (Kylili et al., 2016) . But there are not many BIM standards and guidelines established for refurbishment and demolition as compared to other categories.
COSA (2011) required Industry Foundation Classes (IFC)-compliant BIM tools to
be used in all major construction and renovation projects that exceeded $3 million in construction value. CPEC (2012) specified that designers are required to submit complete construction documents for any renovation projects to the owner before beginning the project. HKCIC (2015) stated that BIM was to include spatial tracking software for analysing existing space usage to apply transition planning for refurbishment projects. Existing site conditions should be modelled (SDCCD, 2012) for renovation projects. Khaddaj and Srour (2016) proposed a research framework to enhance the roles of BIM in energy-driven retrofits. Akainade et al. (2015) designed a BIM-based Deconstructability Assessment Score (BIM-DAS) for determining the extent to which a building could be deconstructed from the design stage. Besides, an integration BIM-based system was created to estimate the amount of waste generated from construction, renovation, and demolition. This system was capable of extracting quantities of materials from the BIM model and estimating the amount of waste produced from each project phase. This research is important to improving the sustainability of demolition and renovation projects to facilitate project control (Cheng and Ma, 2013) . Yeheyis et al. (2013) proposed a conceptual waste management framework to optimize 3R (reduce, reuse, and recycle). An automated as-built 3D BIM model was created for designing a building's interior because an industry always experiences critical issues of design complexity, and a substantial amount of clutter from scanned point clouds (Jung et al., 2015) . have developed an automated energy simulation system to simplify BIM creation from point clouds for existing buildings. This system provides in-depth visualisation and information to decision makers on refurbishment projects.
3.6
Use of Products and Materials USACE (2012) required projects to be evaluated based on LEED or other sustainable criteria, which includes materials, performance, or a process of planning, design, construction, and operation. Statsbygg (2013) required the contractor to update the changes by including material property such as fire rating property to a window. SDCCD (2012) requested that the piping model include material, size, slope, and elevation of the pipe.
GTFM (2016) even requested designers to present three alternatives for site placement and building footprint; finishes and materials; and general space program plan and layouts.
Many approaches have been adopted by researchers to evaluate embodied carbon impacts on products and materials. One approach collects, analyses, and views the building's carbon emissions data by combining BIM and carbon estimation models to assist operation teams in discovering issues of carbon emissions (Mousa et al., 2016) . BIM was integrated with the life-cycle assessment (LCA) tool to identify the sustainability of piping material (Kylili and Vaiciunas, 2015) . By adopting the system, the performance of the Vernetztes Polyethylene (VPE) water supply system has been proven to be better than the steel system and the copper system. The VPE system released a lesser amount of carbon dioxide as compared to the other two systems. A BIM-based design with Excel spreadsheet for LCA and life-cycle costing assessment (LCCA) were developed by Shin and Cho (2015) to appraise the alternative materials for external cladding. In the design phase, Asl et al. (2015) developed a BIM-Based Performance Optimization (BPOpt) to probe the effects of different design alternatives on energy
performance through an open-source visual programming user interface and cloud-based simulation. Kim et al. (2016) assessed the impact of window size, position, and orientation on building energy load using BIM. Ceranic et al. (2015) presented an integrated approach that uses BIM and sustainable design analysis (SLA) so that energy calculations could be predetermined before referring to the exact specification of building materials, which has significantly minimised the modelling time. In their study, Cho et al. (2012) identified a few effective energy-simulation tools, namely, Energy Plus, IES, and Virtual Environment, to integrate with BIM so that ordinary stakeholders could easily perform energy-performance analysis. A parametric modelling system for sustainability building design has been established to show the generic model of structure design and flow of energy so that it could be integrated into the BIM CAD design process (Geyer, 2012) .
During the construction phase, energy analyses can be used to analyse equipment selections made by contractors and to define the energy consumption targets for the future operation of the building. As for operation and maintenance, the effects of the changes that occurred in the operation can be further evaluated and updated to the target user. Moreover, energy analyses can be utilized in cases of malfunctions and in resolving issues and comparing repair options (Building SMART Finland, 2012b) .
Some research efforts of matching the BIM in standard sustainability assessment are apparent. Ilhan and Yaman (2016) developed a green building assessment tool (GBAT) that extracted the required data from BIM to calculate the green rating and provides feedback for further evaluation. Alwan et al. (2015) developed an intelligent process to streamline the LEED assessment method with the building designed with BIM to simplify the environmental assessment process and thereby reduce the environmental impact. The LEED assessment documents could be incorporated in BIM-based sustainability analysis software, which saves substantial time and resources for preparing LEED certification when compared to the conventional approach (Azhar et al., 2011) . Jalaei and Jrade (2015) also used a similar concept, but with a different approach, to incorporate the LCA module, LEED module, cost module, and BIM module from different resources such as suppliers, publishers, Internet, and literature to design, simulate, analyse, and evaluate the sustainability of projects during the conceptual stage. Nguyen et al. (2015) proposed the LEED green building assessment criteria framework to be included in BIM to possess an automated tool for the green rating.
Wong and Kuan (2014) created the BIM-BEAM plus green assessment and the BIMintegration system in Hong Kong.
Discussions and insights for effective adoption of BIM for sustainability
It is commonly known that construction outputs, such as buildings, consume a considerably higher proportion of energy and not to mention the effect of the economy and social impacts on the built environment. In the United States, for example, buildings consume approximately 40% of entire energy consumption and release 30% of greenhouse gases into the atmosphere every year (UNEP SBCI, 2009). In this regard, the need for sustainable buildings to lessen impacts of global warming is rising. By referring to the results of the review, some important insights have been drawn to optimise the effective adoption of BIM for sustainability.
BIM adoption for standard sustainability assessment
By reviewing the BIM standards and guidelines, it can be concluded that they stipulate the methodologies of BIM adoption and how project participants can coordinate the model and work in a collaborative environment that contributes to the improvement of social sustainability. However, the result of the review revealed that not every standard or guideline required BIM output to fit into the standard green assessment system. It is essential to incorporate the green assessment criteria into BIM standards and guidelines as they deal with site selection during the planning stage, green building materials selection during the design stage, energy efficiency use during the operation phase, and air ventilation during the maintenance phase, which is needed to improve built-environment sustainability (Aspinall et al., 2012) . Yahya et al. (2016) also urged that future work must examine the way that ecoindicators can be included in projects via strategies of BIM implementation. The inclusion of green assessment criteria in BIM standards and guidelines could compel designers, contractors, researchers, and BIM vendors to establish a BIM profile that matches the sustainability requirements.
Establishment of the Innovative Procurement System
To achieve social sustainability, an entire project procurement strategy has to be created because the current practices involved with BIM do not fit into the fragmented nature of conventional project delivery of construction projects. In a BIM working environment, building design, construction techniques, information sharing, facilities-management strategy, and a more multidisciplinary collaboration effort are required (Sebastian, 2011) .
Although BIM standards and guidelines outline the responsibility of each stakeholder in dealing with BIM use, the collaboration issues remain as the existing contracts hinder the integration of downstream stakeholders' knowledge contribution in the early design stage.
Apparently, the existing contract strategies do not fit into the characteristics of BIM. Some recent studies have begun to look into the integrative approach to address this social sustainability issue. Integrated Project Delivery (IPD) has been found to be an innovative project delivery system that integrates all resources used in the project life cycle (Wong and Fan, 2013) . In its current state, the construction industry still prefers to adopt a conventional procurement approach (Chew and Riley, 2013) because of the fear of additional risk and liabilities arising from a new procurement system. Empirical research is required to study the best practice to deliver BIM to achieve better social sustainability.
4.3
The BIM uses of demolition and aspects of refurbishment have to be streamlined There were not many standards and guidelines addressed in the BIM uses of demolition and aspects of refurbishment. Reuse of recycle materials and green construction methods are imperative to improving sustainability in the built environment. Cheng and Ma (2012) asserted that an advantage of BIM is that it can provide a quick and accurate estimation of waste materials in demolition projects. When generating a model for demolition works, the critical issue always faced by practitioners and clients is a lack of accurate information about existing buildings. During the construction phase, the existing drawings may have been changed or not followed, which resulted in many practitioners creating a dissimilar model with newly constructed works. The model of new work is generated directly from the ideas provided by the clients, whereas that of demolition works involve on-site verification of existing buildings, and it may rely on 2D drawings to produce a more reliable 3D model.
The ways of handling materials, such as disposal and reuse, are varied in these fields (Galic et al., 2015) . The requirements of having BIM in the retrofit and demolition phase, and the sustainable practice or methods of using BIM in demolition or deconstruction works, must be specified and streamlined in the BIM standards or guidelines to promote the sustainability efforts.
4.4
The need for an improved interoperability among BIM software and energy-simulation tools
The result of a review also showed that substantial efforts were carried out to integrate BIM with energy-simulation tools. Conventional practice requires design data to be inserted manually into building energy model (BEM) analysis. This could result in the possibility of missing materials data (Bazjanac and Kiviniemi, 2007) . The design data should be exchanged between BIM and the energy-simulation tool using data transfer schemas such as the Industry Foundation Classes (IFC) and Extensible Markup Language (XML). However, the issue occurs that there is a lack of energy domain in open-data schemas (Cemesova et al., 2015) . If an integrated energy modelling is created, the interoperability issue between BIM and energysimulation software has to be resolved (Gourlis and Kovacic, 2016) . More empirical study is required to establish the application of open-data standards to conceptual facility design for energy, thermal comfort, and daylighting (GSA, 2015).
Conclusions
The proposed mixed review has determined BIM's current state-of-the-art development for sustainability based on the identified thirty-six (36) up-to-date BIM guidelines or standards and ninety-one (91) academic publications. The results show that the BIM standards and guidelines are mainly focused on the categories of planning, design, construction, energy consumption, operation and maintenance; whereas the academic publications have revealed a strong and growing interest on the categories of design and energy consumption.
Several noteworthy theoretical and practical implications have been uncovered based on the current research gap and status of development. To the theoretical aspects, new BIM tools need to be developed for assessing related sustainability criteria throughout the project's life cycle, including the materials used and energy-consumption aspects. On the one hand, an innovative procurement system needs to be formulated to adapt the social sustainability in the project. On the other hand, practical implications need to streamline the BIM uses into the aspects of demolition and refurbishment, and also to improve the interoperability issue among BIM software and energy-simulation tools. Ultimately, a unified approach is required by integrating BIM technologies with all sustainability aspects.
Future policies of BIM for sustainability should consider and adopt the abovementioned implications. For instance, the new or revised BIM standards and guidelines should include a set of requirements on the BIM tools to comply with a standard sustainability assessment. The assessment should make clear the specifications of building materials and energy modelling used in the project. Some specifications include material properties calculation, carbon estimation, hazardous substances evaluation, and material sustainability assessment. The energy modelling should provide the criteria for sun controls, natural ventilation, daylighting, and other energy simulations. In terms of the social sustainability aspect, BIM standards and guidelines should include elements of relational contracting in the project delivery system, especially for public involvement and other downstream project stakeholders. The BIM uses in refurbishment and demolition aspects should impose certain restrictions of waste management and reinstatement policies for the subsequent refurbished or demolished works. IFC standards should also be extended and clearly defined in the BIM standards or guidelines to enhance the BIM uses in various energy analysis.
